The quantity of cell-free fetal DNA in the plasma of pregnant women changes during pregnancy and seems to be different in normal and pathologic pregnancies. We investigated the possible diagnostic applications of the detection and measurement of cellfree fetal DNA by comparing quantities found in women with ectopic (EP) or intrauterine (IUP) pregnancies. 
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Ectopic pregnancy (EP) is a major cause of maternal morbidity and mortality, accounting for ϳ6% to 13% of first-trimester pregnancy-related deaths (1) (2) (3) . The availability of highly sensitive assays for serum ␤-human chorionic gonadotropin (hCG) and an increase in the sensitivity of transvaginal sonography have dramatically improved the diagnosis of EP (4 ) . In clinical practice, the usefulness of a single ␤-hCG measurement to confirm the absence of an EP has been questioned (5 ) , and the measurement of serial ␤-hCG (5, 6 ) and progesterone (7 ) concentrations has been proposed. However, measuring serial ␤-hCG concentrations is not a practical method when the patient presents for an emergency evaluation.
New markers for preoperative detection of EP could decrease the time to diagnosis and reduce the possibility of tubal rupture. To find an early single marker for EP, several studies have measured placental markers (pregnancy-associated plasma protein A, serum-specific protein-1, human placental lactogen, and leukemia-inhibiting factor) and nonplacental proteins (glycodelin and vascular endothelial growth factor) and compared results for women with an EP with those for women with an intrauterine pregnancy (IUP) (8 -10 ) .
The first reports regarding the presence of cell-free fetal DNA in maternal plasma (11 ) were followed by several studies focusing on the detection and possible consequences of this cell-free DNA in other body fluids, such as urine, cerebrospinal fluid, and peritoneal fluid (12) (13) (14) . Other studies focused on the analysis of cell-free DNA quantity and quality in different fetal disorders and pathologic pregnancies (15) (16) (17) . The aim of our study was to measure cell-free fetal DNA in plasma from EP patients and to compare the results with IUP cases and investigate a possible relationship between measured ␤-hCG and cell-free DNA concentrations.
A total of 58 pregnant women (5-11 weeks of amenorrhea, based on menstrual dating, and a positive urine pregnancy test) with pelvic pain and pelvic sonography suggestive of possible EP, were enrolled in the study at the 1st Department of Obstetrics and Gynecology, Semmelweis University, Budapest, Hungary. Fourteen of these women had normal IUPs, 10 had spontaneous abortions, and 36 had EPs. The EP patients were treated with laparoscopic surgery, and salpingectomy was performed in all of these cases. Another 45 women with confirmed IUPs, who had been referred to the department for termination of pregnancy, were also enrolled. All patients gave informed consent for participation in the study.
We collected blood samples for ␤-hCG determinations and DNA isolation. All of the women subsequently underwent pelvic sonography. The diagnosis of EP was always confirmed by histologic examination. Blood was collected into sterile EDTA tubes, and plasma was rapidly separated by centrifugation at 1600 rpm. Plasma was immediately stored at Ϫ80°C until isolation. To extract DNA from 200 L of plasma, we used the silica adsorption method with a High Pure PCR Template Preparation Kit (Roche GmbH) according to the manufacturer's instructions. DNA was eluted with 100 L of elution buffer. To determine the presence of cell-free fetal DNA, quantitative real-time PCR was performed on all samples, with sex-determining region Y (SRY) gene-specific primers (forward, 5Ј-GGC AAC GTC CAG GAT AGA GTG A-3Ј; reverse, 5Ј-TGC TGA TCT CTG AGT TTC GCA TT-3Ј; Roche GmbH). Each PCR reaction consisted of 1 L of DNA Master SYBR Green I mixture (LightCycler FastStart DNA Master SYBR Green I, containing Taq polymerase, deoxynucleotide triphosphates, MgCl 2 , and SYBR Green I dye; Roche), 1 L of DNA, and 2.5 pmol of primers. The amplification program included an initial denaturation at 95°C with an 8-min hold, followed by 45 cycles with denaturation at 95°C with a 10-s hold, annealing at 58 -65°C with a 5-s hold, and extension at 72°C with a 10-s hold. One positive control containing male DNA and 2 negative controls, one without DNA template and the other with a DNA sample obtained from a nulligravid woman, were run simultaneously with every assay. Calibration curves were obtained by serial dilution of the ␤-globin gene (DNA Control; Roche) according to the supplier's instructions. Using LightCycler software (Roche), we calculated the concentration of each gene product with the kinetic approach. Immunoassays were used to measure serum ␤-hCG concentrations. The detection limit was 1 g/L, and the within-and between-run CVs were 7.3% and 10%, respectively. We used SPSS 11.0 for Windows software (SPSS Inc.) for statistical analysis of the data.
We found 15 SRY-positive cases in the EP group and 14 in the IUP group. The SRY-negative cases were considered to be female fetuses and were excluded from further analysis. The mean gestational age, 51 days in the SRYpositive EP group and 59 days in the SRY-positive IUP group, did not differ significantly between the 2 groups. According to an independent sample t-test, however, the mean (SD) plasma concentrations of cell-free DNA differed significantly between the 2 groups [565 (136) genome-equivalents (GE)/mL in the EP group and 72 (18) GE/mL in the IUP group (P Ͻ0.005)]. The serum concentration of cell-free DNA was significantly higher (P Ͻ0.001) in women with EP than in those with IUP (Fig. 1) . The serum concentrations of ␤-hCG also differed significantly between the EP and IUP groups [4780 (1760) IU/L vs 132 000 (11 500) IU/L, respectively (P Ͻ0.0001)]. As expected, the serum concentrations of ␤-hCG were significantly higher (P Ͻ0.0001) in women with IUP than in those with EP.
With a serum SRY concentration Ͼ80 GE/mL, 2 SDs above the mean, as a cutoff concentration to distinguish an EP from an IUP, the positive predictive value was 78% and the negative predictive value was 83%; the sensitivity of the method was 84%, and the specificity was 76%.
When we applied the Pearson correlation test, we found no significant (P ϭ 0.05) correlation between plasma SRY and serum ␤-hCG concentrations. The mean (SD) values for the SRY:␤-hCG ratio were 2.65 (4.81) and 0.002 (0.003), respectively, in EP and IUP cases.
Transvaginal sonography in combination with serum ␤-hCG concentration measurement is a commonly used method for the clinical diagnosis of EP. Most metaanalyses have shown that a single ␤-hCG concentration measurement is not adequate to differentiate between EP and IUP. In the absence of a single noninvasive test for the detection of EP, diagnosis requires the exclusion of IUP.
The amounts of placental-specific proteins and nonplacental markers in peripheral circulation differ in EP and IUP. At the same time, serum progesterone assays have limited value for differentiating between EP and spontaneous abortion (19 ) . Fetal fibronectin concentrations are lower in women with an EP than in women with an IUP, but this marker is not sensitive or specific enough for the diagnosis of EP (18 ) . Although serum leukemia-inhibiting factor concentrations are lower in EP than in IUP, their diagnostic value is limited. Increased vascular endothelial growth factor concentrations had a sensitivity of 60%, a specificity of 90%, and a positive predictive value of 86% for EP (8 -10 ) . The presence of cell-free fetal DNA in the peripheral circulation of pregnant women raises many questions and opens new horizons for noninvasive prenatal diagnosis and immunologic research. The quantity of cell-free DNA increases during pregnancy and decreases rapidly after birth (20 ) . The results of several studies regarding the origin of cell-free DNA have confirmed its placental trophoblast origin (21 ) . The amount of cell-free DNA measured in pathologic pregnancies, such as preeclampsia, is higher than in uncomplicated pregnancies (17 ) . Taking into account that the trophoblast is the source of cell-free DNA, the possible explanation of this phenomenon seems to be the difference in placentation between uncomplicated and pathologic pregnancies. In EP, the development of trophoblastic structures and the invasion of vessels differ from those in IUP and may lead to differences in the amounts of cell-free DNA in maternal plasma.
We cannot draw firm conclusions because the relatively small group sizes in our study may have increased variance around the test characteristic estimate, and there may have been a selection bias related to the severity of symptoms, sonographic findings, pathologic diagnoses, and the use of a sex-dependent marker. Nevertheless, these findings warrant further prospective studies of the association between cell-free fetal DNA concentrations and EP. These results confirm that plasma concentrations of cell-free fetal DNA are significantly higher in women with an EP than in women with an IUP. They also suggest that plasma cell-free DNA measurement may have diagnostic value in EP. The lower limit of detection in case of SRY was 1.53 GE/mL, measured in an IUP case, and 1540 GE/mL was the highest value, measured in an EP case. In the EP cases, the lowest SRY quantity was 65 GE/mL.
